Rationale: Plantar fasciitis is a common cause of foot pain presenting with morning stiffness and plantar area pain. This case study is to optimize the management in patient with plantar fasciitis accompanied by apparent high-arch foot.
Introduction
Plantar fasciitis (PF), one of the most common causes of foot pain and presents with morning stiffness and plantar area foot pain. [1] Previous studies have reported various risk factors for PF, including limited dorsiflexion of the ankle joint, excessive use, high body mass index, poor shock absorption, and foot posture. [2, 3] Among them, limited dorsiflexion of the ankle joint is caused by tightness of the gastrocnemius muscle [4, 5] and is reported to be a primary cause of PF. [2] To date, physical therapy clinical practice guidelines have emphasized the importance of manual therapies such as joint mobilization and soft tissue mobilization to improve limited ankle range of motion (ROM). [2] However, recent studies have reported that PF was not directly related to limited ankle ROM. [6, 7] Since PF is associated with foot posture, [1, 3, 8, 9] strengthening exercises are often recommended to address excessive foot pronation and supination, which can increase the stress on the soft tissue structures and plantar fascia. Recent studies have reported that foot postures such as apparent low-arch foot (pronated) and high-arch foot (supinated) were associated with weakness of the hip abductor muscles, [10, 11] since the hip muscles play an important role in lower limb biomechanics. Herein, we report a case of PF with apparent high-arch foot that was successfully treated by hip strengthening exercises. The patient was informed that data concerning the case would be submitted for publication of the case, and she provided consent.
Case presentation
A 55-year-old women (height: 156 cm, weight: 62 kg) presented with right foot pain that developed 1 year ago. The initial symptoms began in the forefoot and heel regions, and she had received a one-time steroid injection at another hospital. Thereafter, there was a slight decrease in forefoot pain. However, the pain rapidly increased 5 months after the steroid injection and was focused in the heel area. The heel pain was aggravated immediately after rest, such as while getting out of bed in the morning. She also complained of intermittent right pelvic pain without radiculopathy and low back pain. The pelvic pain was aggravated with prolonged standing or after long-distance walking and decreased with rest. Although there was only minor heel pain during weight-bearing, it was aggravated with single-leg weight-bearing. The heel area and the right-side pelvic pain showed a visual analogue scale (VAS) of 8 and 3 during single-leg weight-bearing, respectively.
Physical examination showed tenderness centered on the fifth metatarsal head and the medial tubercle of the calcaneus. The navicular height test [12] and a pedobarograph system [13] were used to measure the foot arch and foot pressure (Fig. 1A) , respectively. Gastrocnemius contracture was measured by the Silfverskiold test [14] and defined as limited dorsiflexion ROM with knee extension and normal dorsiflexion ROM with knee flexion (Table 1) . Plain radiographs revealed a naviculocuboid overlap and talonavicular coverage angle of 26.9% and 1.7°, retrospectively, which were representative of a normal arch foot (Fig. 2) . [15, 16] However, since this patient had a high-arch foot posture, we defined it as apparent high-arch foot without cavovarus deformity.
Foot function was measured using foot questionnaires such as the American Orthopedic Foot and Ankle Society AnkleHindfoot Scale (AOFAS-AHS), Foot Function Index (FFI), and activities of daily living (ADL) subscale of the Foot and Ankle Ability Measure (FAAM). [17, 18] AOFAS-AHS and FFI were divided into 3 subcategories of pain (40 points), function (50 points), and alignment (10 points), and pain (50 points), disability (90 points), and activity limitation (30 points), respectively. FAAM ADL consisted of 21 questions (4 points: no difficulty at all, 0 points: unable to do). A lower score in the AOFAS-AHS and FAAM ADL is associated with poor functional activities, while it is the opposite in the FFI. The initial scores were 32 of 100 points in the AOFAS-AHS, 60 of 170 points in the FFI, and 31 of 84 points in the FAAM ADL.
Muscle performance testing was conducted using a quantified isokinetic device (Biodex Multi-Joint System 4, Biodex Medical Systems Inc., Shirley, NY) and performed in a semi-sitting (Table 1) revealed weakness of the plantarflexion muscles and poor dynamic postural stability. Foot questionnaires were completed and evaluation with the navicular height test, pedobarograph, and Silfverskiold test was performed immediately on the day of the first visit, and the muscle performance and postural stability tests were performed 2 weeks later owing to device failure and repair. All tests were performed before and after the interventions. 
Interventions
Initial manual therapy such as joint and soft tissue mobilization interventions [19] (including subtalar traction, subtalar lateral glide, talocrural glide, distal tibiofibular glide, midtarsal glide, plantar fascia mobilization, and gastrocnemius stretching) were performed immediately after the evaluation of the Silfverskiold test. After 20 minutes of manual therapy intervention, heel pain was diminished (VAS 8 to 5). Accordingly, instructions for a self-mobilization intervention to improve dorsiflexion ROM were given to the patient to perform at home. The patient was treated 2 times per week for 2 weeks for 30 minutes, and she performed the home exercise program 3 times per day for 30 minutes. However, heel pain did not improve any further, and pedobarograph examination still showed foot pressure concentrated on the lateral forefoot and heel area (Fig. 1B) . [20] Furthermore, the patient complained of gradually increasing right pelvic pain (VAS 3 to 5).
The patient experienced increased calf muscles spasms during muscle performance and dynamic postural stability tests. Therefore, the physiotherapist decided to change the treatment protocol to include strengthening exercises, such as plantarflexion muscle and hip and core muscles training, including the gluteal muscles, along with single-leg postural control reeducation. After the application of strengthening exercises, the symptoms of heel and pelvic pain were significantly diminished during walking and single-leg standing (pelvic: VAS 5 to 2; heel: VAS 5 to 2) and foot pressure on pedobarograph reexamination also showed a remarkable change (Fig. 1C) . In addition, when she was visited after 3 months with end of her interventions, the heel and pelvic pain on the right foot did not occur in the long-distance walking (Table 1) .
Outcomes
The patient was treated 2 times per a week during the 10 weeks with manual therapy and strengthening exercises. All parameters, including heel and pelvic pain (VAS 8 to 1 and 5 to 0, respectively), AOFAS-AHS, FFI, and FAAM ADL (32 to 98 of 100, 60 to 12 of 170, and 31 to 76 of 84 points, respectively), dorsiflexion ROM (pre: 0°; post: 6°), foot pressure ( Fig. 1 A-C) , foot arch height (pre: 4.9 cm; post: 3.3 cm), muscle performance (plantarflexion: 36 to 56 at 30°/s, 165 to 324 at 120°/s, hip abductors: 51 to 83 at 30°/s, 399 to 707 at 120°/s), dynamic postural stability [overall stability index (OSI): 2.9 to 1.7; anterior-posterior stability index (APSI): 2.6 to 1.4; mediallateral stability index (MLSI): 1.8 to 0.8], were remarkably improved compared with those at the first visit (Table 1) . Although the heel and pelvic pain on the right foot still occurred after long-distance walking for over 3 hours, the pain was significantly lower than before the interventions. The calf muscle spasms also did not occur during ADL. In addition, when she was visited after 3 months with end of her interventions, the heel and pelvic pain on the right foot did not occurr in the long-distance walking. At 1 year follow-up, there was no pain and discomfort.
Discussion
The patient in this case study had a previous history of PF treatment and presented with apparent high-arch foot with concurrent intermittent pelvic pain. The initial treatment strategy was manual therapy based on the physical therapy clinical practice guidelines for PF. Although the heel pain was slightly decreased after the initial manual therapy intervention, it still increased during walking and single-leg standing. We believe that the increasing heel pain during walking may have been caused by weakness of the plantarflexion muscles. The main roles of the plantarflexion muscles are to prevent excessive loading on the plantar fascia and to maintain the longitudinal arch. [7, 21, 22] Therefore, weakness of the plantarflexion muscles can increase the load on the plantar fascia. [12, 23] In this patient, the muscle performance test showed plantarflexion muscle weakness, and increased calf muscle spasms were observed during walking, which indicated that plantarflexion muscle weakness was one cause of the aggravated heel pain.
The right pelvic pain in this patient had persistently increased during long-distance walking. We believe this may have been due to weakness of the hip abductor muscles. Previous studies reported that the hip abductor muscles play a significant role in the biomechanics of walking and ankle stability, [24, 25] including the function of decreasing forefoot plantar peak pressure during gait. [25] In this patient, increased compensatory mechanisms of the hip joint to decrease forefoot plantar peak pressure from forefoot pain may have led to fatigue and weakness of the gluteal muscles, which resulted in aggravation of the right pelvic pain during walking. Conversely, increased compensatory mechanisms of the ankle joint caused by weakness of the hip abductor muscles may have caused the intractable heel pain. [25] Weakness of the hip abductor muscles during walking may result in plantarflexion muscle overuse, [24] which can increase the load on the plantar fascia. [22] Hip abductor muscles contribute to postural stability in the frontal and sagittal planes of the lower extremities, [26] and weakness can cause Trendelenburg gait, resulting in the lateral shift of concentrated pressure to the forefoot and heel areas. Our patient showed poor dynamic postural stability and Trendelenburg sign, suggesting that the heel and pelvic pain were likely caused by hip abductor muscle weakness. Based on the results of this study, we believe that strengthening exercises, especially for the hip joint, may be an effective method to improve various PF symptoms in patients with pelvic pain.
Conclusion
This case highlights the importance of hip muscle strengthening for the optimal management of PF patients with apparent higharch foot and concurrent intermittent pelvic pain. To optimize the management in PF patient with apparent high-arch deformity, clinicians should try to identify the hip abductor muscles weakness, and therapists should consider incorporating hip strengthening exercises.
